


The Scil Conservation Service National Engineering Handbook
iz intended primarily for Soil Conservation Service (SGS)

engineers. Engineers working in related fields will find
mich of the information useful to them also,

This handbock is being published in sections, each section
dealing with cne of the many phases of engineering included
in the soil and wabter conservation program. For easy han-
dling, scme of the sectionsg are being published by chapters.
Publishing of either sections or chapiers is not necessarily
in numerical order.

45 sections or chapters are publisghed, they will be effered
for sale by the Superintendent of Documents, Government
Frinting (ffice, Washington, D.C., 20402, at the price shown
in the particular handbeook.

Section 15 of the handbook, Irrigation, is being published to
supply engineers the basic data necessary toc plan and main-
tain efficient conservation practices to provide a permanent
irrigated agriculture. Engineering principles and research
findings have been screened to give emphasis to the informa-
tion needed to design, install, and operate irrigation sys-
tems on individual farms and groups of farms. Chapter 6,
Contour-Levee Irrigation, describes briefly the factors that
mist be considered in applying contour-levee irrigation to
nearly level strips or areas of predetermined size at a rate
eniough in excess of the intake rate of the soil to permit
rapid coversge. Other chapters in this gection dezeribe the
goil and plant properties that affect the movement, reten-
ticn, and use of water and provide design criteria, design
procedures, and methods of adapting engineering and research
data to loeal drrigation problems. Mumerous phaseg of irri-
gation engineering are included.

Chapters of Section 15 already published are listed belcow.

Chapter L. Soil-Plant-Water Helationships. Price 45 cents,
Chapter 3. Planning Farm Irrigation Systems. Price 60 cenis.
Chapter 8. Irrigation Pumping Plants. Price 45 cents.
Chapter 2. Measurement of Irrigaticn Water. Price 45 cents.
Chapter 11. Sprinkler Irrigation. Price 55 cents.

Chapter 12. [Land Leveling. Priece B0 cents,

Washington, D.O. daiily 1969

For sale by the Supesintendent of Documents, .5, Governmaent Printing Offics
Washington, 1. C. 20402 - Price 40.cents
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NCMENCLATURE

Aren irripgated in acree

Field asppliecation efficiency in percent

Grogeg depth of epplication in inches

Net depth of applicaticn in inches

Time allcwed for one complete irrigation in deye
Dally system operation time in hours

Hequired Irrigation stream in cuble feet per second

Reguired stresm size per acre in msere«inches per hour
or cubic feet per second per scre

Time required for the net depth of application {Enj
to infiltrate the soll in minutes

Peak-period consumptive-use rate in inches per dsy

Vertical interval hetween levees Iin feet or inches
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Application Principles

In irrigating by the contour-levee metheod water is applied to nearly
level strips or areas of predetermined size at a rate enough in excess
of the intake rate of the scil to permit rapid coverage. Water iz retained
by small dikes or levees that surround the gtrips and are constructed
longitudinally on the contour. In rice irrigationm, gach strip is covered
with water to a depth that controls weed growth without damaging the
rice. Thig is known as flooding. Water is continuously added to replace
water lost through evapotranspiration, deep percolation, and boundary
levees, This is called maintaining the flood. For other crops water is
kept on the strips until the desired depth has entered the zoil. The
excess water 1s then drained off by gravity and used on a similar strip
at & lower elevation. This step is caelled flughing and is repeated often
enough to meet water requirements of the crop.

AMaptability

Crops

The contour-levee method has been used for many years for flooding rice
fields. Tt has been adaspted to the irrigation of pasture grasses, hay
crops, small grains, and some row crops. Row crops irrigated by this
methed sre those that can stand temporary flooding or flushing without
damage, nemely, cotton, corn, and scoybeans. This method is not recom-
mended for irrigating vegetables, tobacco, and other row crops easily
damaged by temporary flooding.

Scils

Contour—levee irrigstion is sdapted to medium- to fine-textured scils
having an available water heolding capaclity of no less than 1,25 inches
per foot of depth nor less than 2.5 inches for the root zone depth of
the crop belng irrigated.
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Flgure 6-1,==Accumilated intake for irrigation by the
contour-lavee mathod.

53011 intake rates for the desired nel depth of application should not
exceed thoge upper limdts shown in figure 6-1. For exampls, if & 3-inch
application were planned for cotton, the inteke copportunity time should
not be lese than 300 minutes. Intake rates for confour-levee Irrigation
are shomn in loecal irrigetion guides where they are known. Otherwise,
they are measured by the cylinder-infilircmeter method.

Because of the difficulty of maintaining the flood on scoils planted to
rice, they should contain s restrietive layer with a permeshility rate
of 0.02 inch per hour or lees.

Topogra

For this method, best resulis are obilmined where slopes do not exceed
0.5 percent. Greater slopes, however, can be reduced by land leveling.
Where leveling is required, the soll mist be deep encugh to permit
leveling without undue loez of produetivity.

If eontour levees are used for 1rrigating row crops, the slope in the
direction of row drainage becomes e limiting factor. The maximum practi-
cal slope is that which will not result in ercsion from storm runoff. In
areas where this methed iz now belng used, slope ranges from 0.05 to

0.3 percent depending on erodibility of the acil. The minimumm slope is
that which will provide adequete drainage, usually 0.05 to 0.15 perecent.
Slopes must be within these limitzs or must be obtainable at reasonsble
gogt by landing leveling.

Climate

The contour-levee method can be used successfully for irrigating rice
end close-growing crops In eny climate to which these crope are sdapted,
provided the prerequisites regarding soil amd topography cen be met.
Levees are usually temporary for row cropes and are usually not built
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until the crop needs to be irrigeted for the first time so that they
will not interfere with operation of the cultivating equipment. In humid
areas where this methed iz common for irrigating row crops, rainfall
usually is adequate during the early growing seascn and irrigation is
not required until cultivation has been completed. When cultivation
becomes necessary after an irrigation, the levees are plowed down by the
eultivating equipment. They are then rebuilt to make maximim use of
subsequent rainfall. In areas where insufficient rainfall during the
early growing seagson would reguire freguent reconstruction of levees,
the contour-levee method is not recommended for irrigating row crops.

Advantaces

The ccntour-levee method has several advantages.

(1) It permits the irrigation of low-iniske-rate soils that are diffieult
1o irrigate by other methods.

(2) Maximum utilization of rainfall reduces seasonal irrigation require-
ments.

(3) Uniform distribution of water and high field-application efficiency
ere easily obitained.

(4) Since the same system removes excess storm runoff, adequate drainage
can be provided at little extra expense. This is very important in
areas of high rainfall.

(5) Installation cosits depend largely cn the amount of land preparation
required. Where the unit volume of leveling is moderate, installa-
tion coste are low conpared with most other methods.

(6) Simple, easily operated controls permit handling large irrigation
gtreams with minimum lsbor. Cne irrigator can usually handle up to
300 acres including punp attendance.

Limitations in Use

Some limitations and disadvantapes of the method are:

(1) It is restricted to irrigating crops that can stand temporary flood-
ing for 12 hours or more without damage.

(2) It cannot be used successfully on s0ils having moderate to rapid
intake characteristics (fig. 6-1).

(3) Scme depree of land leveling is usually required.

(4) large irrigation streams are required.

(5) Light net applications are difficult to make efficiently.

(6) Levees, ditches, and structures need frequent maintenance.
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Land Preparation Requirsments

Comtour levees reguire some land preparaticn, Figures 6-2a, b, ¢, d
illustrate the different degrees to which a typical 40-acre field can
be prepared for this method of irrigation. Though these illustrations
were prepared for irrigating rice, they are adaptable 1o the irrigation
of field and forage crops.

Without lend preparstion, long levees, ditches, and canals may be re=-
quired; water cannct be applied uniformly or efficiently; water manage-
ment is difficult; and production costs, especially for labor, are high,
Figure 6-26 showe the topography of a field before land preparation. It
nlao shows the extent of levees and drains if levees were constructed at
a vertical interval of 0.2 foot on the original tcpography.

Eliminating mincr surface irregularities improves the topopraphy of the
field. Smoothing, usually with s lend plene, permlts laying out a ugable
irrigation and drainsge system, tut levees, ditches, apd canals are giill
too long and bagsing are irregular in chape and variable in gize, making
efficient irrigation difficuit (fig. 6-2b).

For more effieient operation of planting, cultiveting, and harvesting
equipment and for better water management, the levees ghonld be parallel
and the basins of uniform width (fig. 6-2c). The levees can be staked
parallel on approximate contours first end each basin then leveled to a
uniform plane, or the entire field can be leveled firat and the levees
then staked perallel and om the contour. Thie resulis in inereased
water-use effieiency, high crop yields, and reduced producticn costs,

in additlional refinement that further increases water-use effleclency and
facilitates water management congists of dividing the field into units

or basins of equal sigze and shape by levees that are straight and
parallel. The levees can be constructed first amd the basins then leveled
and each treated as a separate field, or the entire field can be leveled
rirat and the levees constructed afterward. Where land iz leveled by
water leveling, level basing result. The slope required for drainage ie
cbtained by plowing the basin toward the center, thus building up 2
ridge (fig. 6-2d).

Where conventional land levellng is used, the basins usually are sicping
planes (p.6-15). Neither type of basin is considered to have an advantege
over the other.

These bagine, equal in size and shape, while more gzpensive to construct,
{ncrease water-use efficiency and reduce labor costis.
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Detailed Imvestigations

Sodls

4 detailed soil map of the area to be irrigated is a prerequisite to
plamming a contour-levee system. The intake characteristics of each soil
mist be known. If they cannot be obtained from the local irrigation
guide, they will have to be measured by the cylinder-infiltrometer
method. For solls on which rice is 1o be irrigated, the permeability
rate of the restricting layer muzt be known.

The aveilable water holding cepacity of the significant layers of each
soil should be known. These are usually obtained from the local irriga-
tion guide.

Topography

A topographic map of the area to be irrigated facilitates planning the
contour-levee system. Information on the map should inelude, in additicn
to contour lines, the location and elevation of the water source and
drainage outlet. The map should also show any pipelines, drains, power-
lines, struciures, roads, or other important physical features.

The topographic map can be based on either a conventicnal or grid survey.
fAerial photographs may serve the purpose of a topographic map if old
contour leyess are visible and if they sdequately describe the topog-

raphy.
Water Supply

Dependable stream sizes availasble for irrigaticn should be messured or
egtimated. The available stresm sizez determine the nunber of acres of
a given crop that can be irrigated (p. 6-9).

The quality of the water with respect to its intended use should be
determined,

Lavout of Levee Syetens

If an adequate contour map is avaeilable, the levee gystem can be laid
out on the map before making the layout on the ground. This saves time
and effort in the field.

The first step is to determine the maximim-zize unit or basin that can
be irrigated with the stresm size available (sample calculations 3 and 4).

The shape of the baszins is important. To prevent overtopping of the
levees, the dimension of any basin in the direction of the prevailing wind
should not exceed shout 400 feet. Length of the basin may be reatricted
by drainage requirements. The charmel shove the levee along the lower
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gide of a basin removes both excess irrigetion water and storm runoff.
Thus this length should be limited to that which permits the channel o
provide such removal in a reascnable length of time. Basins draining in
one direction should not be longer than 660 feel, Where the basin has
more than cne drainage cutlet, ite length may be increased.

The levees muat be leid out on the contour or so located that they will
he on the contour after land preparation. If prasticable they should be
laid out parsllel to each other. To facilitate planting, tillege, and
harvesting levees should be giraight or gently curvinpg.

The ideal vertical interval between levees is sbout 0.2 to U.4 foot.
Smaller vertical intervals can be used on very flat land to reduce the
gize of the unit areas to ihat compatible with the available irrigation
stream, Scmewhat larger vertical Iintervals may be used iIn smal) perts
of a field to maintain a minimm horizontal interval of mbout 40 feet.
Larger vertical intervels, however, regulre higher levees, ususlly
resulting in a decrease in water-use efficiemcy.

The levees should provide bagins of nearly equal size. This makes irri-
gation easier and inereases water-use efficiency. After the eomtour
levees are located, the basing are closed by constructing end levees, A
typical layout of a ccntour-levee gystem is shown on page 6-15.

Locate roasdways to provide access to each basin by farm machinery {(p. 6-13],
Thege rosdwsys are of particular importance if harvesiing has to be done

in wet weather. Culverts or bridges mist he provided at each ditech
crozsing.

Leves HMmensione

The settled helght of the levees must equal the sum of the vertical
interval between levees, the depth of water to be applied, and a free-
board of at least 3 inches (0.25 foot) for protectlion sgainst wave
action. For noncompacted levees at least 0.2 foot more should be added
for settlement. The constructed height of a typical lewvee is computed
e follows;

Vertical interval belween 1evees c..cicviivsssassas 0.2 foot
Dep'bhof‘ﬂ'a‘her‘bﬂbe H.Pplied (3-6 in-]sianot-ol--lo «3 foot
FT&EbOardilili.iiif'! llllllllllll wh A RS RS '3 fmtl
Settlement Al loWHENCE. ceivassssvusrrerrsrnanrannanna «3 oot

Gﬂn.ﬂ‘truﬂtleli heigh‘tr--t-4s-a--noo-oouo-u-v------ 1.1 fee-t'

Where levees are torn down and rebuilt to facilitate planting and tillsge
of row crops, side slopes should be no steeper than 1-1/2 horizontal to

1 vertical. Where they are permanent as in pastures, side zlopes should
e no steeper than 3 or 4 to 1 to facilitate the use of mowing machinery
and to minimize damage by the trampling of livesiock.
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A drainage chanmel no less than 0.5 foot deep with side slopes no

steeper than 1-1/2 horizontal to 1 vertical is provided along the upper
gide of each levee. The material removed from the drainage channel is
used to build the levee (p. 6-15), Temporary levees are usually built with
horder plows or border disks and wider, more permanent levessz with

blade graders.

Irrigation Stream Sizes

The minimum-size irrigation stream for all adapted crops other tham ricse
mist equal or exceed the preater of the following: (1) A stream large
enough to satisfy pesk water use requirements of the crop and to over-
come deep percolation and other losses. (2) A stream large enough to
permnlt coversge of the averape-szisze levesd baszin in a masimum of one-
fourth the time reguired for the soil to absorb the net amount of water
to be epplied.

The minimun required stream that satisfies the first criterion is com-
puted by the formila:

Ax FE
qQ = E See nomenclabure,
f axh

To compute the minimme-size stream that satizsfies the second criteriom,
intake characteristics of the scil (figz. 6-3), averasge size of the basins,
and vertical interval between levees must be lmown.,

The procedure for compubing the minimum stream size is illustrated in
the sample calceulation which follows.

canple caleulation l.--Deterrdning minirum stream size for crops other
than rice

Given:

in BO-acre field of cotton containing 16 basins

of nearly equal 8iZe (A)eeessecsscessannsensses A =80 acres
Net depth of appliestion (from irrigation guide). Fp =2.5 in.
Grogg depth of applicaticon at an estimsted 70

percent efficiency.....ceveveecennnnianinrenses Fy =3.6 in.
Time allowed for cne complete irrigation as

sgreed on with the irrigator (no greater than

Fo/datly peak 180 2ale los s anncrnmmermrnersans T =0 0808
Daily system operation time as sgreed on with the

Irrigatoresessreresravssnrssassrsnrasssnssnserss H =12 hr
Soil intake characteristics (from cylinder-

infiltration measurements).sescssssssasssssssss OSee figure 6-3
Average area of 16 basins in S0-zcre field....... 5 acres
Vertical interval between leveeS...eessarssssrsas vi=2.4 in.
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Find:
The minimim stream size (Q) that satisfies the two criteria.

Procedure:
Compute the minimum siream gige required to satisfy the first criteriom
as follows:

Ax F £
@ = g =80 acre x 3.6 in = 3.9 acre-in. per hr
fxh &days x 12 hr/day = 3.0 cfs

Using the example soil curve shown in figure 6-3, find the time (Tp)
required for the net depth of application (Fp = 2.5 inches) to infil-
trate the zo0il. Tp iz 580 minutes.

Mlowing one-fourth of the time (Ty), or 145 minutes, to cover an average-
gize basin, find the averapge depth of water that infiltrates the =soil
during this period. Water infiltrates the soil only =2long the lower gide
of the basin during quﬁ; there iz no infiltration along the upper side.
The basin is covered for 145 minutes along the lower gide and for gero
minutes along the upper side with an average coverage time of 72-1/2

minutes. Using figure 6-3, find the depth of water that infiltrates the
soil in 72-1/2 minutes. This is 0.76 inch.

To this average depih of infiltration add the average depth of water

over the basin ai the end of this perdicd. Since the vertical interval
between levees is 2.4 inches, the woater iz that deep along the lower

gide of the basin and has no depth along the upper side. Thus the average
depth iz one-half of the vertical interval (vi) or 1.2 inches.

Compute the minimum stréam size required to satlsfy the second criterion
ag follows:

Required stream size per aere (q):
g o £0.76 in.+ 1.2 in) x 60
- 145 min

= 0,811 acre-in.per hr
= 0,811 efs per acrse

Required total stream size (Q):

@ = 5 acres x 0.811 cfs per acre = 4.06 cfs

Since the second eriterion requires a grester stream size, the value
4.06 cubic feet per second is used,

In rice irrigation, there are three critical operations, any one of which
may determine the required irrigation stream size: (1) Flushing, which
usually follows seedbed preperation and dry planting. The irrigation
etream must he large enough io cover a basin in cone-fourth the time re-
quired for the soil to absorb the net smount of water applied, (2) Flood-
ing, which is started when the plants are about & to 10 weeks old and are
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using water at a maximum rate. The irrigation stream mist be large
enough to flocd the entire design area to a predetermined depth--usually
3 te 4 inches-—in the time required for depletion,at the pesk rate,of
one-half the availasble moisture in the roct zone of the =2o0il. (3) Main-
taiming the flood until about 2 weeks hefore harvest. The irrigation
gtream mist be large enough to satiafly peak-period consumptive uze and
averecme deep percolatlion loases.

The procedure used for determining minlmim required stream size for ecach

of these erltical operations is illustrated in the sample calculation
which follows:

Sample calculation 2.--Determining minimum stream size for rice
irrigeticn

Given:
4n 80-acre field of rice contalning 16 basging of

nearly equal sige {Adicieiieisvevisirciivies A =B0 acres
Available water holding capacity of soil at root

zone depth (18 inJ..v.vann. R R e = 14,6 in.
Saturated moisture capacity of soil at root zone

depthocvseeeranaysieniioanusmuaesampssire = 7.35 in.
Permeability of restrieting layer.....ccccevaueas = 0.002 in/hr
Het depth of application (from irrigation guide). Fp = 1.8 in.
Soil intake charmcteristics {from cylinder-

infiltrometer MeAmITementE ) e esresrasrasranrns See figure &-3
Penk-period consumptive-112e Tabe.sesvavsessanras. U = 0.3 in/day
Vertical interval between leveesS.....cevesncassras vi = 2.4 In.

Find:

The minimum stream size {Q)} required for flushing, flooding, and
maintaining the flood.

Progedure:

For flushing.-«Using figure 6-3, find the time (Tp) reguired for the net
depth of sppliecstion (Fp = 1.8 inches) to infiltrste the soil. Ty is

345 minutes.

Allowing one~fourth of Th, or 86 mimutes, to cover an average-size basin
(5 mcres}, find, the average depth of water that infiltrates the soil
during this period, This depth is 0.62 inch (fig. 6-3).

To this average depth of infiltration, add the average depth of water
over the surface of the basin at the end of this time period. This
sverage depth is equal to one-half the vertiesl distance between the
levees or one-half of 2.4 inches = 1,2 inches.

Required stream size per acre (g):

_ (0,62 in. + 1.20 in) 60
- 86 min

1.27 acre-in, per hr
1.27 cfa per acre

Required total stream size (Q):
G = 5 acres x 1.27 cofe per acre = 6.35 cofs
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For flogding.--Find the time required for depletion of one-half the
avalilable soil moisture:

VL e 36 T,
0.30 in. per day

= 6 days = 144 hr

Find the depth of applliecation to produce a 3-ineh flood over the design
ares;

Depth of application reguired to saturate the soil..... TedaAn
Cne-half the vertical interval between leveeS.......... 1.20 in
Depth percolation losses (144 hr x 0.002 in.per hr).... 0.29 in.
Depth of £1o004,sseuaiosnnsassaissssrasstssnsspasonssans 3.00 in.

Total applicatioNessssassrssnarssssssasnasnasnasans 11.84 in.

Then find the minimum reguired irrigation stresam:

_ 80 acres x 11.84 in.
L %4 hr

£.58 acre-in. per hr
61: 58 cfs

I

For maintaining the flood.--Find the minimim stream size that maintains
the flocd by =satisfying peak consumptive use and replacing the amount
lost by deep percolation:

0.20 in. per day
2% hr F

002 in. per hr)
1.16 acre-in.per hr
1l.16 efs

0 = 80 acres (

Thus the required minimum irrigation stream is the 6.58 cubic feet per
second required for the flcoding operaticon.

Delivery Systems

The delivery gystem consizts of the facilities regquired to convey water
from the source of supply to the highest point in each field To be
irrigated. The water may be conveyed above ground level in elevated

field ditches or in low-pressure pipelines. These facilities also include
the structures, valves, and messuring devices required to control and
direct the water Lo the individusl fields ss needed and at the desgigned
rate of flow.

Pipelines have obvicus advantages over open ditehes; they are buried,
take no land out of cultivation, and require a minimum of maintenance.
Open ditches eost less to instsll, but weed control and sediment removal
are exXpensive,

The capacity of the delivery system must be egual to or greater than the
sum of the minimm required irrigation stream for each field (szample
calculations 1 and 2).
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In the sample plan no delivery syetem is shown since the source of sup-
ply, & well, is located at the highest polnt in the field (fig. 6-4).
The irrigution supply ditch along the north houndary of the field is
considered & part of the application system,

Application Systems

The application system conslsts of the faeilities required to distribute
and apply water on 8)l parts of & fleld. These facilitles msy Include
open ditches, pipelines, levees, turnouts, control structures, culverts,
gnd other devices.

An irrigation head ditch or pipeline iz used to convey water 1o the
higheet basin in each series. Water is turmed into these upper basins
through turnoute in head ditches or through valves in pipelines (fig.
6-5).

The head diteh consists of two parallel levees or dikes. The construe-
tion materisl may be horrowed from lend-grading operations, from nearby
borrow areas, or from the center area between the levees themselves. If
leves materinl can be borrowed elsewhere economically and conveniently,
center borrow ditches should not be used. Center borrow ditches must
ususlly be larger than required for adequate capacity to cbitsin enough
material for construction of the levees. Diteches of this type are neces-
sarily wide snd teke up space that otherwize might be cultivated.

Since the system cperates by gravity, water is conveyed above ground
surface and a head of not less than 0.5 foot must be provided at the
turnouts. The top of the levees forming the head diteh must be at least
1.5 feet above the highest part of the irrigated area. The head ditch
should have stable side slopes, ususlly 1-1/2 horizontal to 1 vertleal.

Several types of turnouts are used to introduce water intoe the basins.
One of the most popular comsiste of a pipe with a gate on the upsiream
end. A 10-foot section of ecorrugated metal pipe with an inexpensive light
steel pate iz easy to install and has proven very satisfactory. Plpe
diameter iz determined by the design rate of flow and the head provided
to obtain that flow. Seversl types of turnout thaet have proven satis-
factory are shown in chapter 2.

Inside the dirrigated area, water is ususlly econveyed from the head ditch
or plpeline to the lower basing by V-type irrigation ditches which also
serve as dreinageways. The capacity of these ditches mist be equal to
the minimm required irrigation stream or o the computed drainage re-
quirements, whichever iz the greater. They should be at least 0.5 foot
decper than the V-type drasins along the upper sides of the contour
levees or a minimmm of 1 foot.

There should be roadways between each series of basins for easy access
to 81l parts of the field. Waste material placed between two paraliel
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V-type irrigation ditches can be used to form the roadway. The roadway
alzo acts as an end levee and must be egual in height to the contour
levees. Slopes should be no steeper than 1-1/2 horizontal to 1 vertical
except that in pastures they should be no steeper than 3 or 4 to 1.
(Zee section D-D, figure 6-5,)

To retain, control, and eventually remove the irrigation water sultable
control structures must be placed in the irrigaticn ditches under each
acontour levee. Several types of structures have been developed. One is
a concrete pipe culvert with an adjustable steel plate at its upper end
{fig. 6-5). Incther is e sheet metal structure that has flashboards for
water control. In some levees fixed-crest weirs made of sheet metal or
other suitahle material are added az a further control.

The capacity of any control structure should be equal to that of the
diteh in which it is placed. The structure should be designed to operate
under a head not exceeding 0.5 foot. If a pipe is used, the ncrmal
diameter should be no less than 10 inches.

Drainage Requiremsnts

The irrigation application system provides adequate drainage within the
design area. Providing an adequate outlet and preventing runoff from

ad jacent areas entering the irrigated area are the other dralnage
problems.

The outlet is usually a traperoidal chemnel able to provide adeguate

drainage for both the irrigated area and any other ares it may serve.
The outlet or a channel latersl to it serves the loweat basin in each
series. Mditionszl charmels must be provided around the boundaries of
the drainage area where needed to prevent the entrance of runoff from
higher areas (fig. 6-4).

In computing the capacity of the outlet channel and its laterals pro-
vide adequate drainage for the least water-tclerant crop grown in the
rotation.

Emeration

The method of operation varies with the crop being irrigated and with
the owner's preference for operating time. The usual methods follow.

Orops Other Than Rice

Individual basins in a series are irrigated consecutively, beginning
with the highest and ending with the lowest. 411 control structures in
the irrigation ditech serving a series of basins are closed and water
from the head ditch or pipeline is then fturned into the highest basin
in the series. The irrigation stream discharges into the firat basin
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until the gross application depth plus the depth needed to cover the
bagin has been applied. Then the structure controlling this basin ia
partially opened, mllowing the irrdigation stream to flow into the secomd
or next lower basin. The water flows into the secomi bhasin until the

gross application has been applied. Then the third basiu is flooded in
gimilar manner. This process js contimied downstream until the gross
application for the peries hasz been applied.

After water haz remained on the highest basin until the desired depth
bkas ionfiltrated the soil, the conirol structure in this basin is com-
Pletely opened and the water drains off and flows onto the next lower
basin, This process is continued until a complete series of basins is
irrigated. This operation may be undertaken during daylight only { sample
calculation 3) or may be a contimious one. Contimucus operation is the
more efficient since omly the excess water from the last or lowest basin
In a series need be drained off as waste.

Other zeries of basins in the field are then irrigated in like manner.
Whem the field iz not being irripated, all control struetures in the
irrigation ditchez are left open for drainage.

Operation for Rice

In rice irrigation, there are four operations: molsture comtrol for
germination, flooding, maintaining the flowd, and removing the flood.

Molsture control for germination.--Rlce is geeded either by drilling dry
or by brosdessting into water from an airplane. When drilling is followed
by a period of dry weather, {lushing is needed to germinate the seed or
to prevent less of young seedlings through lack of moisture. The flush-
ing procees for rice is the same as for other eropa.

Wnen seeding is done from the air, the hasins are flooded to a shallow
depth before geeding. A= scon s8 the Tice sprouts, the water is drained
off to hasten growth of the rice plants and permit them to develop deep
roct systems.

Flocding.--Eaeh basin is flooded with water s¢ as to provide weed con-
trol without damage tc the rice plants,Rice iz normally flooded twice
during the growing geazon. About 3 to 4 weeks after zeeding the hasins
are flooded to & shallow depth to control weeds and to provide adequate
myisture. This flood is held on the bazins for about 2 weeks after which
it may be drained off and the soil surface allowed to dry out. Drying
heips control root meggots, algae, and fungi. It also provides & fevor-
gble period for applying fertilizer and permits the rice straw to
gtiffen amd resist lodging.

The second flooding comes about ¥ to 9 weeks after seeding. Water re-
quirements are high because this 1s duripg the pesk consumptive—use
period. Each basin is flooded to e depth of 3 Inches or more and the
fleod iz maintained for 2 to 10 weeks or from 2 to 3 weeks before
harvest.
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Fach series of basins is flocded separstely, one series being com-
pletely flocded before another is started. When the design depth of
flood has been reached on the first basin, the water is turned into the
next lower basin and the process repeated downstream until all basins

in a geries are flooded. The desipn depth of flocd is meintained in each
basin by using sheet metal weir structures in the levees or by manipu-
lating the turnouts or control structures in the irrigation ditech.

When one series of basins has been completely flooded, the other series
are then flooded in like manner.

Maintaining the floopd.--The design depth of flood is maintsined on all
baging similtanecusly by adding water at the rate needed to overcome
logses due to evaporetion, tramspiration, deep percolation, and seepage
through the levees.,

Remcving the flood.--Near the end of the flood maintenance period the
water iz cut off and the flocd allowed to infiltrate the soil profile
go that only a minimam remains to be drained off as waste. All water
ghould be removed from the field about 2 weeks before the rice harvest
to provide a dry surface for harvesting machinery.

Water Use Efficiency

Lz in other surface methods of irrigation, the efficiency of water use
obtained with the contour-levee method depends on the physical char-
seteristics of the goil, adeguacy of land preparation, planning and
congtruction of the system, and care exercised in ite coperation. Assum-
ing good planning, congiruction, and operatiom, 65 to 70 percent
efficiency may be cbiained in irrigating crops other than rige., Dif-
ferent degrees of efficiency are obtainable for the three separate
operations used in irrigating rice. When these are aversged, the over-
all efficiency is 70 to 80 percent.

Sample Degign Problems

The design procedure for contour-levee irrigation systems is presented
here by sample calculationsg. Those selected consist of designing come
bined contour-levee irrigation and drainage systemsg--one for cotion and
one for rice--for a 60-zcore field in the delta ares of Loulsiana (fig.
£-4), The surface of the field has been improved by land leveling.

The design procedurs for irrigeating coiton i1s presented in sample cal-
culation 3 and for rice in sample ecalculation 4.
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Sarple caleulation 3.--Designing contour-leves irrigation and drainsge
gyztem for cotton irrigation

Given:
4 60-acre field of cotton (A)ieiicianecnnanen A = &0 acres
fyailable stresm size = 1,500 gpMe.... PP Q = 3.33 efn
Net ﬂ.ept-h Of Elpplic&t-iml ------- TR EE R R R Y Fn SiiEa in.
Maximim time allowed for one irrigation...s... f = 8 days
Bours of operation {deylight only)......cvees- h = 12 to 14 br
301l intake characteristicBecseccnnannannennas See figure &-3
Vertical interval between levees, 0.2 fto..... vi= 2.4 in.

Fingd:

Minimm required stream per acre, q
Meximm =size of basin

Required number of basins

Time required for cne Irrigation
Application efficlency

Irrigation diteh zizes

Irainege requirements

Turnout and culvert sises

Procaedure:
In figure 63 find the time {(Tp) required for the net depth of applica-
tion (Fp = 2.5 in) to infiltrate the soil. Ty is 580 minutes.

Using figure 6-3 and allowing one-fourth Ty, or 145 minutes, to cover one
unit or basin, find the aversge depth of water that infiltraies the soll

during thig pericd. Aversge time = E = 72.5 minutes. This depth i=s
0.76 inech. 2

Aversge depth of water in surface storage at the end of time period

2.4
E% ia 1/2 vi or (_5_) or 1.2 inches
Minimm required stream size per acre {(g):
{076 in,+ 1.2 in) 60
4= 145 min

= $.81]1 acre-in.per hr
{0.811 efs per acre)

Maximun gige of basin or unit area:

Available stresm size B 3.33 ofs

Winimum stream gize per acre .81l cfs per acre
4.1l acrem
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Fequired pumber of basins: = _60 acres _ 1, ¢
4.1l acresg

Thus the &0-acre field iz divided into 15 basins of 4 =meresz each, each
requiring a minimum stream size of

4 geores x 0.811 acre-in per hr or 2.24 acre-in. per hr
(3.24 efs)

The avallable stream size of 3.33 cubic feet per second exceeds the
minimm and will be used.

Time required for ome irrdigation

The average intake-opportunity time for one basin is equal to the aver-
age of the time at the lower edge (580 min + 145 min = 725 min) and at
the upper edge (580 min), or 652 minutes.

In figure 6-3 find the average depth of application at time egual to
652 minutes. This is 2.7 inches. Check to see if the inflow stream (Q =
3.33 efs) will irrigate the entire ares within the sllowable time,

f£f = 8 days.

Determine the number of basins which cen be irrigated per day within the
allowable time of 12 to 14 hours with the stream (Q = 3.33 efs).

Total volume of water reguired per basin for the average depth of appli-
cation = 4 acres x 2.7 inches = 10.8 mcre-inches.

The volume of water required for surface storage in one basin is 4 acres
¥ 1.2 inches or 4.8 sere-inches. Depending on the irrigation seguence
and arrangement of basins and ditehes, some of the surface storage may
be reused on lower hasins. It 12 assumed here that the surface storage
from two-thirds of the basins (10 in this example) mey be drained off
and used on lower basins. It is assumed also that 100 percent of the
volume of water drained from the 10 basing is availahle for filling
lower basins.

To f£ill three typical 4-scre basing only one reguires filling the storage
volume (4.8 sere-inches) from the "fresh" supply. Calculate time regquired
to £ill e series of basins as follows:

One basin 10.8 acre-in. + 4.8 ac?e-in.z . T
2.33 acre-in. per hr

Two bagina 2(10.8 acre-in) + 4.8 acre—in. _ 9.9 hr
3.33 acre-in, per hr

3(10.8 acre-in) + 4.8 acre-in. _ . 8
3.33 acre-in.per hr

Three basinsz
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The sctusl time to complete an irrigation of three basins dependa om
management of the drained water. The first basin cen be drained of sur-
face storage after 12.1 hours and the second 16.8 hours after water
gtarts to £ill the first basin.

Thus three basing could be irrigated within the allowable time, 12 to
14 hours.

In figure é-4, =ach of the three segmenis of the field contains five
basins.

Each series can be irrigated in 2 days--two basins in 1 day and three
the next. The 15 basins (&0 acres) can be irrigated in & days, which
iz within the allowable time, f = & days.

Determine field application efficiency in percent (E).

_ Volume needed to refill soll x 100
= Volume actually applied

E

The volume needed tg refill the soil in one basin i= 4 mcres x 2.5
inches, or 10 acre-inches.

Efficiency when two basins (8 acres) are irrigated:

T oa (2 x 10 acre-in) x 100
(2 x 10.8 acre-in, + 4.8 acre-in.
20 x 100 -
S = Y6 percent
e P

Efficiency when three basins (12 acres) are irrigated:

(3 x 10 acre-in) x 100

E =5
{3 x 10.8 acre-in) + 4.8 acre-in.
_ 20 x 100 _
=g e S 81 percent

Mverage application efficiency for the 6D-acre field:

3 ¥ 12 acres
& acres

3 x & zores

81 percent
&0 acres ( P )

(76 percent) +

Lversge E = 0.4 (76 percent) + 0.6 (81 percent) = 79 percent

Since the time required to apply the needed depth of water iz within
the time a2llowable and the field application efficiency is within
acceptable limits, the irrigation phase of the design is satisfactory.
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Irripation ditch design

The required capacity of the irrigation field ditch shown in gection B-B,
figure 6-5, is equal to the available stream size or 3.33 cubic feelt per
second. A ditch with & bottom width of 1 foot, a depth of 2.2 feet, side
slopes of 1-1/2 to 1, on a hydraulic gradient of 0.000125 foot per foot
and an ™" value of 0.045 will have a capacity of 3.5% cubic feet per
second, thus meeting this requirement.

Drainage reguirements

The required capacities of the drainage ditches shown in figure 6-4 are
computed using the applicable drainage coefficient curve (fig. 6-6).

The required capacities are:

Drainage
Diteh. Reach ares’ Required
Cubic feat
Acres per second
Qutlet A Below 13420 260 19.0
Drainage A 0+00 to 13+20 160 12.5
Lateral B 0+00 to 17+10 &0 5.6
Lateral C 0+00 to 22450 80 G
Interior drain-
ageways A1 20 9.3
3.33

L See drainage areas on figure 6-4.
2 Since the irrigation stream (3.33 cfs) is larger than the re-
quired drainage capacity (2.3 cfs), 3.33 cfs is used for design purposes.

By using Corpe of Engineers hydraulic tables, we find that a minimum-
size diteh with the following dimensions carries 20 cubic feet per
second with a hydraulic gradient of 0.0005 foot per foot and an "n"
value of 0.04.

Bottom width, 3 feet; depth, 3 feet; side slopes, 1 to 1

This minimum-size diteh will thus meet the capacity requirements for the
outlet ditech A and laterals B and C (fig. 6-4).

Turnout and culvert design
The required capacity of turmouts and culverts must be equal to the
irrigaticn stream of 3.33 cubic feet per second. Sizes are determined

by the formula, Q = Ca / 2gh.

C = Coefficient of discharge g = Apceleration of gravity, feet per
a = drea of opening square feel second
n = Aveilsble head in feet
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Try using an 18-inch conerete pipe, 10 feet long, with a sguare-cornered
entrance operating under & head of 0.1 foot. The computation becomes:

O=0:80 % 1787 f2x32.2 % U.1

3.63 cubic feet per second (satisfactory)

Interior irrigation ditches and drainagewsys

The required capacity of the combined irrigetion ditches and drainage-
ways shown in sectioms C-C and D-D of figure 6-5 must be equal to the
available irrigation stream or 3.33 cubie feet per second.

First, determine the slope(s) of the hydraulic gradient in the ditches.

Thizs is the difference between the vertical interval (vi) between levees
and the head (h) reguired on the control structure divided by the hori-

zontel distance between levees (I) or,

g wi-h _ 0.2 f%-0.17%t -0,000375 £t per £t

{ 264 Tt

The design of the ditch or ditches is:

Depih, d = LR

Bottom, b = O, V-type

Side zlopes = 2 tol

Area A = E,78 ag 't
Hydraulic radius, T = 0.76

Houghness coefficlent, m = C.04

Slope, s = 0.000375 £t per 1
Velocity, v =  0.60 f=

Capacity, Q 3.47 efs (satisfactory)

Sample caleulation 4.--Degigning contour-levee irrigaticn and drainage
gvatem for rice irrigation

Given:
Aébcacre £161d of rice (A)usaswwe s wimmnes 4 = 60 acres
fyailable stream fize = 2,400 ZPM...vcianana =5.35 efH
Arailable water holding capacity of scil at

I‘OS‘;LI Zone de‘pt-il (18 in..:'----.--------.-ptttt :316 in-
Satureted moigture capaeity of soil at root
ZONE GePthevaciuisisnisssrrprrssadasnnnas L35 dm

I n

FPermeability of restricting layer...c.cavuas
Net depth of application (from irrigation

0,002 in.per hr

TN D e e, w0 T WA FBaialed dn;
Depth of £lood.esecsasvsssssscscsasasnnonsnsse =3 in,
Maximun time allowable for one irrigation... £ = & days
Hours of operabion (continuous).....ceeoeaes h = 24 hr
Bzil dntake characierisiicS.ssecvsscssasnasn See figure £-3
Peak-pericd consumptive-use Irate..caccesnsss u = 0.2 in, pexr day
Vertical interval between leveeS...esvsswsss VI = 2.4 in.
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Find:
Minimim regquired stream per acre, q
Maximim gize of hasin
Required number of basins
Time required for one irrigation
Application efficiency
Irrigation ditch sizes
Drainage requirenents
Turnout and culvert sizes
Control structure dimensions
Height of levees

Procedure:

Moisture control for germination.--Using figure 6-3, find the time (Tn)
required for the net depth of application (Fy = 1.8 in) to infiltrate
the zodil. Tp is 345 minutes.

Using fipure 6-3, and allowing one-fourth of Ty , or 86 mimutes, to cover
one basin, find the average depth of water that infiltrates the soil
during this periocd. This depth is 0.62 inch at the aversge time

%?—Dr 43 min.

Average depth of water in surface storage at the end of Tq;4:
/2 vi (1/2(2.4))= 1.2 in.

Minimum required stream size per acre (q):

_ (0.62 in. + 1.2 in) 60
86 min

] 1.27 acre-in.per hr

1.27 efs per acre

Meximam size of basin:

Available stream size _ 5.35 efs

T p = = 4.21 acres
Minimm stream size per ascre (q) 1.27 cfs per acre
Required nwiber of basins = %ﬂ— = 14.25

Thus the 60-acre field is divided into 15 basins of 4 acres each. Mini-
mm-size stream for a 4-acre basin

g = 4 acres x 1.27 acre-in.per hr 5,08 acre-in, per hr

5.08 efs

The available stream size of 5.35 cubic feet per second exceeds the
minimuim and ig usged.
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The average intake opportunity time for one basin iz equal to average
of the time at the lower edge (345 min + 86 min =431 min) and at the
upper edge (345 min), or 382 minutes.

In fipure 6-3 find the average depih of application et time equal to
388 minutes. Thig iz 1.95 inches. Check to see if the inflow stream
{G=5.35 efs) will irrigate the entire area within the allowable time
of £ =6 daya.

The total wvoliume of water reguired per basin for the average depth of
application is 4 acres x 1.95 inches or 7.8 acre-inches.

The volume of water reguired for surface storage in one basin is 4 acres
x 1.2 inches or 4.8 amcre-inches., For a series of five basins, the surface
storage volume that may be reused by draining 4o a lower basin depends

on the arrangement of basing, sequence of irrigation, and loss by deep
rercolation.

Azgume that the 1.2 inches required to cover a basin in a series of five
baging ig available for reuse from three of the five basins. Then the
total storage required i= 4 scres x 1.2 inches x 2 basins or 9.% acre-
inches.

Time required to £ill one basin:

F.8 gore-in. + 4.8 acre-in.
5,35 acre-in. per hr

St hi

Time required to £ill a serdes of five baszing:

5(7.8 acre-in) + 9.6 acre-in.
5.35 acre-in. per hr

= 9,08 hr

Minimam time required to £1ll the three zerdies of five basinz i=
3% 9,08 hr = 27.3 hr or 1.13 days

d= in the preceding example, the actual time reguired to complete the
irrigation of a zeries of basinzg and the entire field depends on manage-
ment of the drained weaier. The firest basin in a geries of five bagins is
ready to drain of surface storage 7.2 hours after water is turned into
the gseries. To complete the irrdigation of =211 15 basine takes sbout 33
hourg--well within the 6-day periocd available.

Determine the field application efficiency in percent (E):

E - Volume needed to refill soil x 100
- Volume actuslly applied

The volume needed to £111 the 20il in one basin 1=

4 gores ¥ 1.8 in.or 7.2 acre-in.
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Efficiency when a series of filve basins (20 acres) iz irrigated:

E.__ [5x7.2 acre-in} x 100 - 74 percent
(5 x 7.8 acre-in) + (9.6 acre-in.

This field spplication efficiency applies to the entire 60-acre field,

Flooding.--Find the time required for depleticn of one-half the svailable
goil moisture:

1/2 x 3.6 in.x 24 hr

=i | h
0.3 in, per day v

Find the depth of application required to produce a 3-inch flood over
the design ares:

Depth reguired to saturate the soll.....veviiinerenieas = 3% In.
One-helf vertical interval betwsen leveeS..viswsvrsswas = 1.20 1in.
Deep percolation losses (144 hr x 0.002 in. per hr).... = 0.29 in,
Dapthﬂf fchd..n-n.l-n--p||.-|--1.1.l-ti|l--p|---t-i-¢-|n--|--|-|-|--tt-|-’--||.|- = 3.':":' in.

Total applicationarisen. s e vmses s snsnp e nre, = 11,84 im.

Find the minirum reguired irrigaticon stiream:

+

_ B0 acres x 11.84 in.
144 hr

4.93 acre-in.per hr
4,93 ofs

Q

The available irrigation stream (5.35 efs) exceeds the minimum and will
be used.

Find the time reguired to flood the entire fileld:

60 acres x 11.84 in,
24 % 5.35 acre-in, per hr

= 5.532 days

The time required is within the allowable time, f = & days.

Maintaining the flood.--Find the minimum irrigation stream reguired toc
maintain the flood:

24 hr
= 0.87 acre-in. per hr
= 0.87 of's

Q = 60 acres (D'E Lt par dey + 3,002 in. per hr)

Irrigation ditch design

The required capacity of the irrigation field ditch shown in section
B-B, fipure 6-5 iz equal %o the availsable stream gize or 5.35 cubic feet
per gecond. A diteh with a bottom width of 1 foot, & depth of 2.6 feet,




H=25

gide slopes of 1-1/2 f0 1, on a hydraulic gradient of 0.000125 foot per
foot, and having an "n" value of 0.045 has a capacity of 5.38 cubic feet
per second, thus meelting this requirement.

Drainsge reguirements
The drainage requirements, difch sizes and capacities, are the same as
Those shown in sanple ealeulation 3.

Turnout and culvert sise
The required capacity of turncuts and culverts must be equal toc the
available irrigation gtream or 5.35 cubic feet per second. Sizes are

determined by the formula, @ = Ca +/2gh.

Try using a 2l-inch conecrete pipe, 10 feet long, with a sguare-cornered
entrance operating under a head of 0.12 foot. The computation becomes:

O.80 x 2.405 2 x 32.2 x 0.12
5.35 efs (=atisfactory)

Q

I n

Interior irrigaticn ditches and drainsgewsye

The required capacity of the combined irrigation ditches and drainage-
ways shown in sections C-C snd D-D of figure £-5 must be egqual to the
available irrigation stream cr 5.35 cubic feet per second,

First, determine the slope(s) of the hydraulic gradient in the ditches.
This iz the difference between the vertical interval (vi) between levees
and the heed’ (h) required on the control structure divided by the hori-
zontal distence between levees (1) oI

_yvl-h _ 0.2 £+ - 0.12 £t

= 0,000303 £1 per £t

= 264 1
The design of the diteh or ditehes is:
Depth, d = 2.1 ft
Bottom, b = 2, V-type
Side slopes = 2 tol
brea, A = B.82 zg £t
Hydraulic radiuas, r = 2,939
Roughness coefficient, n = 0.040
Slope, = = 2.000303 It per £
Velocity, v = 0.621 os
Capacity, O = 5.48 cofs (satisfactory)

Control structure dimensioms

For rice and cther close-growing crops, the water level in each basin is
often controlled by & welr placed in the leves along the lower side of
the basin. These weir structures are usuzlly made of sheet metal or some
other suitable materisl and are locsted near an access roasd for conven-
ience. They are generally designed 1o operate under a head of 0.2 to 0.25
foot, When these strugtures are used, the operating head mast be con-
gidered in determining the height of the levees.
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The welrs are made of sheet metal and are designed to have a capaecity

equal to the available stream capacity or 5.35 cuble feet per second.
The formula for determining weir dimensions is:

e l:‘—LHB"’Irz or H = (—E—)Efg

CL

With the value of C =3.2, try crest length L =14 feet and solve for
the operating head:

2/3
= 5.35 ~ ;
o (.3.2 % 14.) =0.24 £t (satisfactory)

Height of levees

Verticsl interval between leveeS.sesssssasnasss wica: B0 £1
Depth of flood (3 in.)ee.veeacneens s SVIT - 3 -
Head on welr control struciure..csscess e Y b Th
Fresboard provided..... HER Rt PR R 30 £t
Mlowance for settlementsesrsscsasansas e A 30 £t

Constructed height..seiisascans o e vess  La290FL
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